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COMPOUNDS FOR REDUCING ISCHEMIA/REPERFUSION INJURY 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to compoations for and methods of redudng and 
eliminating injuries to organs and skeletal tissues subjected to ischemic episodes. The 
invention also relates to organ transplants, and to preconditioning and preservation of 
10 organ transplants. The invention relates particularly to compositions useful for limiting 
free radical injury to such organs and tissues from ischemic episodes. 

Bacli^round Art 

15 Ischemic insult, /.£., the locaUzed deficiency of o?qrgen to an organ or skeletal 

tissue, is a common and important problem in many clinical conditions. The problm is 
especially acute in organ transplant operations in wUch a harvested oi^an is removed 
from a body, isolated from a blood source, and thereby deprived of oxygen and nutrients 
for an extended period of time. Ischemic insult also occurs in certain clinical conditions 

20 such as sdckle cell anemia and septic ^ock which may result from hypotension or organ 
disfijhctioa Depending on the duration of the insult, the ischemia can distuib cellular 
metabolism and ion gradioits, and ultimately cause irreverable ceUular mjury and death. 

Reactive oxygen spedes are natural but undesirable l^roducts of cellulair 
25 metabolic processes in different subcellular compartments and membranes. These 
radicals are Mghly reactive and destructive to cell tissue because of the presence of 
unpaired electrons. These free radical reactive oxygen species include, for example, O2', 
OH", H2O2, NO, and ONOO". In normal systems, injury from these reactive spedes is 
prevented orminimized by radical scaveng^ ^ems, indu^g enzpiatic systems 
30 such as catalase, CuZn-sapero»de ^sniutase, Mn-sup0-oxide disnn^^ 
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glutathione peroxidase. Non-enzymatic radical scavenging systems are also present in 
metabolic processes, such as glutathione, vitamin E, and carotene. 

Reactive oxygen species reportedly are formed at a greater rate than they can be 
5 scavenged by natural radical scaven^g systems when blood is reperfused to an area 
previously exposed to ischemia. The ischemia/reperfusion also has been reported to 
cause down regulation of antioxidant en^miatic defenses. As a result of these reports, 
researchers have incriminated reactive oxygen species as a principal component of the 
pathology which causes cellular injury as a result of ischemic insult. 

10 

The events that cause reactive oxygen species to be produced &ster than they 
can be scavenged by radical scaveii^ng systems following an ischemic episode are not 
well-understood. The damage caused by these reactive oxygen spedes has, however, 
been well documented, and includes increases in intracellular calcium, lipolysis, 
IS production of free fatty acids and bioactive arachidonic acid metidiolites, proteolysis and 
decreases in levels of cellular phospholipids. 

Ischemia is also associated with various clinical conditions, such as septic shock, 
that do not involve discreet reperfii»ye qpisodes. Septic shock as a result of 

20 hypotension and organ dys&nction m response to infectious sepsis is one of the major 
causes of death. The manifestations of sepsis include those related to the systemic 
r^ponse to infection (tachycardia, tachypnea alterations in ten^erature and 
leukocytosis) and tiiose related to organ-^stem dysfimction (car^ovasculaf , 
respiratory, renal, hepatic and hematologic abnormalities). Lipopolysaccharide (LPS) of 

25 gram-negative bacteria is considered to be the most important exogenous mediator of 
acute inflammatory response to septic shock. The LPS or endotoxin released from 
outer membrane of gram negative bactma results in the relea^ 
cdiular mediators induding tumor necltoffls fector a (TNFa), intetleul^ 
interleukiri-^ 0S.-6) and thromboxane A2. Extrone levels of these mecBators are known 
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to trigger many pathological events including fever, shock, intravascular coagulation 
leading to ischemia and organ failure. 

Sickle cell anemia is another condition associated Avith ischemia. Sickle cell 
5 anemia is a classical phenotype of herediatry hemoglobinopathy with hemoglobin S 
ii^ead of normal hemogilobin A. Sickle cell anemia is associated with hypoxia because 
of decreased oxygen tension with hemoglobin S. This conation leads to systemic 
hypoxic condition. The viscosity of deoxygenated blood is related to proportion of 
sickied red cells, capillary stasis and pain crisis. 

10 

Researchers have proposed various compbunds for minimldng ischemic insult 
fdlo^g reper&sion. Some, such as deferoxamine, allopurinol, catalase, and 
perondase, are r^ortedly capable of counteracting free radical production. Others, 
such as superoxide dsmutase, are reportedly capable of destroying these radicals. Still 
15 . others, such as vitanun B and molecules bearing thiol groups stich as N-acetyl cysteine 
("NAC") and reduced glutathione, are reportedly capable of neutralidng the free 
radicals. Sgg, S£» U.S. Patent No. 5,498,427. 

WO 88/05044 discloses the use of nitric oxide compoimds for the prophylaxis 
20 and treatment of ischemic cell daniage during perfiisaon, preservation, and reperfiision of 
oi^gans in cases of cardiople^ or organ transplantations. The nitric oxides are 
preferably employed as stable free radicals in thdr reduced form. U.S. Patent No. 
4,877,810 discloses the use of the Trolox derivative of vitamin £, instead of superoxide 
dismutase ("SOD"), for preventing heart tissue damage upon reperfusion following 
25 cardiovascular surgery, including heart transplants. AU these therapeutic approaches 
have been less than ideal in preventing ischemia/reperftision injury. Therefore, there 
exists a need for better means of combating ischenua reperfiision iiyury to tissues and 
organs. There also ensts a need fi)r a better means of combatting ischemia caused by 
(fiseases and ofher conditions that are not assodated with discreet repofrisive episodes, 
30 sudi as occur in organ transplants. 
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StIMMARY OF THE INVENTION 

The present invention provides suipiiangly effective combination^ of NO 
donors, inhibitors of iNOS induction, and endopqptidase inhibitors for combating injuiy 
5 induced by ischemic conditions, and repet&sion Mowing such Ischemic 
injury, as detennined by morphological examinatioa and evaluated by certain critical 
ceDular fiinctions, was substantially diminated by treafineot with the conjjxnations prior 
to ischenac insult. In contrast, the morphology and cdlularfimctioning qf control 
organs treated by only one compound of the combination declined continuously and 
10 substantially after the repet&aon of the organs. 

Additional advantages of the invention will be set forth in part in the description 
■which follows, and in pan vaU be obvious from the description, or may b? learned by 
pmotic© of the invention. The advantages of the invemlon will be rea]ize4 and attained 
IS 1^ means of the dements and oonibiaationspaiticularlypm^ 

dams, fiistobeunderstoodthatboththefbi^inggenetaldescripfioalaiidthe 
Mdwiiig detailed descttption are ex»qilary and esqal^^ 
of the iov^on^ as daimed. 

20 BRIEF BESCRIPIION OF THE DBAWINGS 

Tlie acconqwnying drawings, wWch are incorporated in and consti^ 
this spedfication. iBustiate several embo^meots of file inveii^ 
descr^tios, serve to ei^laintfae piindples of IheisvsetitioiL 

25 ■ 

^^ure 1 diows tiw leveb of senini o^eatinine, tirea nitrogen, lactam 
dehydrogenase and fipid peroxide in plasma, and anfiojddant enzymes (catalase, CuZn 
SC©,Mn SOD and glutatMone peroxidase) mWdnqr^ofanhnals subjected to 60 ■ 
nanutes of localized isdiemia. measured at 24 and 96 hours after i^etfiisipn. Three 
30 aetsofaiBniaba«rq)re8ented:(l)coni«dai^^ 
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mals that were treated -with NAC prior xo the onset of isdienaia; and (3) apmals that 
were not treated with NAC before the onset of iscbenuo. 

Figure 2 shows the levels of seium creatkiine and blood urea nitrogen in the 
S blood of animals vdth a kidney subjected to 75 minutes of localized ischei]dia, measured 
eadi day for ten days after reper&uion. Two sets of animals are represented: (1) animals 
that were not treated with az^ drugs before the onset of isdioim^ and (2> aimnals that 
were treated with NAC before the onset of isdiemia. 

10 Figure 3 shows the survival rates of ammals sutjected to 7S mintitjss of ischemia, 

as plotted aganst the days following reperfusion. The two sets of animal^ represented 
in Figure 2 are again represented 

Figure 4 shows the levels of seium creatinine and blood urea nitrogen in the 
15 blood of ammaia mljacftad. ta 90 tniq^it«« '^PIooiliTtd i?^rni!a, mgasnrgd pach day for 
ibarteen days after rq)eifiiaon. Hv8set8 0faiuinaIsarere]}resented:(l) qoatrcdanini^ 
^ were not sulg'ected to isciieixd^ 
isdieinia; (3) ammals that were tieated^widiM^ 

nitroprusade (SNP) otfore the onset of ischenut^ (4) animals that were treated with 
20 NAC and sodmmiutropnisnde before &e onset ofisciiemia; and (5) amm^ 
treated with NAC before the onset (^isdioxda. 

Figure S diows the survival rateis of animals subj 
?s plotted against the days followu^repeifUston. Hie five sets ofaniinals represented in 
25 FignrB4areaganr^resented, 

PSIAIUai DXSCSSPIION OF TBE INVENTION 

Before the present compo^ons and naetitods are disdosed and de^o&ed, it is 
30 tobeimdersuxidthattfaiskveQtioBisxiotGiiutedtoqi^^ 



5 



wo 98/34626 



PCT/US98/02116 



phaimaceutical carriers, or to particular phannaceutical &nnuIalioiis or ajdnuiustration 
regimens, as such may, of course, vary. It is also to be xinderstood that t^ terrmnology 
used herein Is for the purpose of desciibing particular embodiments only ^ is not 
intended to be linuting. 

5 • 

Ajt Mse^ ttirnii ghn irt thia jipedficarion and the daims, the followmp terms have 
the Mowing meaiungs: 

^Ischemk" means a teicyporaiy or prolonged lack or reduction of pT^gen supply 
10 to an organ or skeletal tissue. Ischeima can be induced when an organ is transplanted, 
or by coiiditions such as sqitic shock and adde cell anemia, 

"Argfff^" Tnf BTt< " r**^ ^'f fl ^T^ect composed of seVer^ tissues and 

adapted to perform a spedficfimction or fimctions. Representative orga^ include, but 
15 are tu>tlin)i^ to. the heart, Udaey, fiver, pancreas and brain. 

'Skdetal tisaie" laeanB tibe substanee of an orgame body of a 
comdstiog of cdQs and intercellular material, '"'♦iiH'T'g but not fixnited to jepithelium, the 
conaectivs tissues Qtlchiding blood, bone and caitiiage). nuisde tissue, a^d nerve tissue. 

20 

**Isdieimc insuU" ineans damage to an oisan or skdetai ti^ 

"Oxidative stress" means tlje str^ caused lo an oigan or skektald^^ 
25 abnormal amounts of reactive oxygen spedes wiuch include, for example; O,', OBT, 
HjOj* ^0. and ONOO*. Cbddative stress can thus arise from any conditiqn in wMch 
abnoimal amounts of reactive oxygen stpedes are generated, including is^emia and 
inflanwTWToiy ffiseases. 



30 '^Sutgeet^nuamsai^^fiviiigoisaidan.^u^din^ 
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''A" means one or more, depending upon the context in wMch it used. 

"Contacting the tissue" with a drug, when used in this application, means to 
bring tiie drug into contact with the tissue by administering the drug. Thi{t3, for example, 
5 one can contact a tissue with a drag by parentoaUyinjectisg the diugmtb 

tissue, by ingesdng the drug and aUovnng the drug to reach the tissue through metabolic 
pathways, or by pIqracaOy immosing Has tissue in a solution containing t^e drug. 

The inventbn provides a method for minimiring ischemic insult tq an organ or 
10 skeletal tissue exposed to ischemia. The method includes the steps of: cqntacting the 
organ or skeletal tissue with an inhibitor of inducible nitric oxide synthasi^ (iNOS) 
induction, and a lutric oxide ('^O") donor, either sequfflitially, ^multaneously or 
sqierately. The method may optionally include the step of administering to the oi^an or 
skdetal tissue an endopeptidase infaibUor. 



IS 



20 



iaaiiotii^eiid}0<£mentfhemdhodiiu:iIudestiiestqpso£ contact tiieoigan 
or skeletal tissue -mfh an inhibitor of iNOS iaduetioa and an endopeptida^ ioilnbttor; 
Other sequentially, simultaneously or seperatdy. The method may optionally include the 
stqi of adnunist^iilglo the organ or skeletal tissue a NO donor. 



The metiibd numimzes tlfis insult assodated 
particidariy prevents iiguiy assodated vdtii tibe excesave {ff^ 
species and downrq;ulatioa of antioxidant enzymes. The metirad may boused when 
vanous types of surgeiy are canied out, uclu^ng heart surgray, vessel rqcoostniction, 
2S andtzan^laatationofbigaas. The method amilaify can be utilized m acute resus- 
dtation cases such as cardiac anest and otiier conditions involving drcul^tory collapse. 
The method may also be employed upon occurrence of various ^es of traumas in the 
ceati^ nervous system, cerebral hemonhage, stroke, sub-aracbnoid hemorrhage, and 
tstracramal vascular soigety where teii^)0iaiy ocdt^ 

30 
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The method may also be used where ischemic conditions in, e.g. , the heart, 
kidney, intestines, liver and skeletal tissue, are induced by shock, trauma, embolisms and 
infarctions. The method also has therapeutic value in treating conditions that induce 
various levels of ischemia, such as septic shock and sickle cell anemia. 

5 

Compounds that inhibit the induction of inducible nitric oxide ^thase 
("inhibitors of iNOS induction") include lovastatin, mevastatin, and other compounds 
that can activate protein kinase A ("PKA") activity. A particularly suitable inhibitor of 
iNOS induction is N-acetyl-cysterae. 

10 

Some NO donors that may be employed in the inv^tion are set forth in 
Holtinan, J.L,. Spin Labeling in Pharmacology, pp. 1-85 (Acadenuc Press 1984), and 
WO 88/05044, the contents of each bdngherdjy incorporated by this reference, 
although any compound that under physiolo^cal conations liberates NO is suitable. A 
1 5 particularly suitable NO donor for practicing the invention is N-nitroso-N- 

acetylpencillamine ("SNAP"). Another particularly suitable NO donor for practicing the 
invention is sodium nitroprusade. 

Siutable endopeptidase inhibitors include compounds such as phosphoramidon. 

20 Phosphoramidon is an inhibitor of Endothdin Converting Enz^e (TECE") which, 
because it inhibits ECE, also blocks the natural production of potent vasoconstiictors 
such as endothelin-1 from big endothelin in endothelial cells. Phosphoramidon has 
proven especially and suprisingly effective at preventing and minimisdng ischemic insult 
to orgws and skeletal tissue when administered along with an inlubitor of iNOS 

25 induction siich as N-acetyl-cysteine. The use of endopeptidase inhibitors in conjunction 
^th both an inhibitor of iNOS induction and NO donor has proven ei^edally effective 
for combating isdienuc insult. 
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It may also be appropriate to admimster fiirther drugs that will have a positive 
efFept on the particular itutication involved \da multi-factor treatment. For example, a 
plasma volume eiqpander such as dextran or hydroxyethyl starch, superoxide dismutase 
("SOD"), caldum blocking agents such as nifedipine, nimodipine, verapamil, lidofiazine, 
5 and fiunari2ine, diuretics, and antiedemics may also be admimstered. 

The method can be used to precondition organs before they are subjected to 
ischemia when various types of planned surgery are carried out. For preconditioning an 
organ that will be subjected to ischemia and reperfiision, the dose of inhibitor of iNOS 

10 induction iiiay prefo-ably be in the range of from about 100 to about 300 mg./kg. body 
wdght. The dose of NO donor may preferably range from about 1 to 2 milligrams per 
kilogram of body wdght. The dosage may deviate from tlus general range depending 
upon the particular drug and indication involved in each case. A more preferable dosage 
range for tiie inhibitor of iNOS induction is from about 150 to 300 mg./kg., while about 

15 300 mg./kg. body weight is especially preferred. About one mg./kg. body wdght is an 
especially preferred dosage for the NO doitor. 

A preferred dosage for an endopeptidase inhibitor, when administered to combat 
ischenua bdfore a planned ischemic episode, is about 3 to 20 milligrams per kilogram of 
20 body wdght. A more preferred dosage range is from about 6 to about 20 milligrams per 
Idlogram of body wdgjit, and about 10 millignuns of endopeptidase inhibitor per 

kilogram of body wdght is espedally preferred. 

The amounts and ratios of active ingredients administered in the method can, of 
25 course, vary, depending upon the particular application of the method. A particularly 
effective method of the present invention, especially useflil for perfosion of organs or 
skdetal tissue prior to ischemic insult, comprises administering to a subject N-acetyl- 
cystdne, sodium nitropriisside, and phosphoranudon in the amounts described above. 
Such administration can be »multaneous, sequential, or sq)arate. 



9 
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The method can be performed in a number of different ways in accordance with 
the invention. Due to the nature of the active compounds, however, administration is 
often performed parenterally, e.g. , by intraarterial, intravenous, subcutaneous, or 
intramuscular injection. The parenteral injection can be admimstered continuously or 
5 intermittently in discreet injections. As a general rule, the drugs can be administered in 
the form ofa sterile aqueous solution buffered to a physiolo^cally acceptable pH. The 
solution can be prepared well in advance of the administration or, dependmg upon the 
actual compoimds employed, in direct conjunction with or just before administration. 

10 If the method is employed as a prophylactic measure by admuiistering the active 

compounds parenterally in discreet dosages prior to an ischemic episode there are 

certain timing protocols that have been developed to optimize the efifectivieness of the 

method. The inhibitor of iNOS induction can preferably be adnuni^tered, fixr example, 
preferably at about 1 to 8 hours, more preferably at about 1 to 4 hours, and most 

1 5 preferably at about three hours, prior to an ischemic episode. It may also be particularly 
helpful to administer the inhibitor of iNOS mduction in two or more doses, the last being 
closer to the onset of ischemia, and particularly at about 30 minutes prior to ischemia. 
The inMbitor of iNOS induction may preferably be buffercid to a physiologically 
acceptable pH \^ch may be between about 7.4 and 7.45 and most preferably about 7.4. 

20 

The NO donor may aniilarly be administered b^ore the onset of ischemia, and 
preferably at about 3 to IS minutes before the onset of iscfa^nia. In a partioilarly 
effective method, the NO donor is intravenously injected to the subject about S minutes 
before the onset of ischemia. 

25 

An oidopeptidase inhibitor can be administered in (bscreet doses before the 
onset of ischemia^ preferaMy at about 30 to 90 minutes, and more preferably at about 60 
nunutes prior to an isdi^c i^isode, It may also be particuMy helpfiil to adndnister 
the endopeptidase inhibitor in two or more doses, the last bdng closer to the onset of 
30 ischenua, and particularly at about 30 minutes prior to isch^nia: The endopeptidase 



10 
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inhibitor may also be buffered to a physiologically accept^le pH which may optimally 
be about 7.4. 

Othermodes of administration can include inhalation of an aerosol, 
5 subcutaneous, and topical administration. Further administration metiiods can indude 
oral administration, particularly when the active compounds are encapsulated, or rectal 
administration, particularly when the active coinpounds are in suppository form. 

The active components can be administered along with a pharmaceutically 
10 acceptable carrier suitable for the selected mode of administration. A pharmaceutically 
accq)table carrier indiuies any nmteiM that does not cause agnificant undesirable 
biological efifects or interact in a ddeterious manner vwth ai^ of the other compoh^ts 
of the pharmaceutical composition. Various dosage forms can be employed. Actual 
methods of preparing such dosage forms are known or will be apparent to those skilled 
15 in the art. (See , e.g.. Martin, E.W. Remington's Pharmacetitical Sciences, latest edition. 
Mack Publishing Co., Easton, PA) 

' The method may also be used during the storage or preservation of harvested 

piBans to be implanted. In particular/ the method can be carried out by storing a 

20 harvested oigaii in the composition oftiie present invention. Altiiough the method is 
optimally pofermed by immersii]^ the entire tissue or organ in the composition, it would 
' also be eflfective by only immen»ng part of the orgiui or tissue in the conq)o»tion. 
Preferred preservation solutions such a commerdally available VIASPAN* (UW 
Preservation Solution) are modified by the addition of an inhibitor of iNOS induction 

25 (preferably 5-30 mmol/liter), and an endopeptidase inhibitor (preferably 5-50 

mmol/liter). Particularly preferred mhibhors of iNOS induction and endopeptidase 
inhibitors for storage solutions are, respectivdy, N-acelyl-cysteine and phosphoranudon. 
The method can also be carried out during the r^erfii»on of an bigan or skdetal tissue 
that has beoi exposed to isdiemic insult. 

30 
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While the method is particularly applicable to minimizing ischemic insult, it can 
generally be used to treat any condition associated with oxidative stress. Such 
conditions result from inflammatory diseases such as infectious septic shock, physical 
trauma, multiple sclerosis, stroke, dovwi syndrome, parkinsonism, alzhdmer's disease, x- 
5 adrenolentodystrophy, rheumatoid arthritis, HIV mediated dementia, lupus nephritis, 
and sickle cell anemia. 

The present invention is more particularly described in the foUowmg examples 
which are intended as illustrative only because numerous modifications and variations 
10 therein will be ^parent to tiiose skilled in the art. 



Examples 

The following examples are put forth so as to provide those of ordinary skill in 
15 the art with a complete disclosure and description of how the methods claimed herdn 
are performed and evaluated, and are intended to be purely exemplary of the invention 
and are not intended to limit the scope of what the inventor regards as his invention. 
Efforts have been made to ensure accuracy with respect to numbers (e.g., amounts, 
temperature, etc.) but some errors and deviations should be accounted for. 
20 . ■ ' 

Protocol - Male Spr^e-Dgwly rats waging 250-300 grams were anesthetized 
twth sodium pentobarbital (50 mg per kg) injected intraperitoneally and then heparinized 
by injecting 0.25 milliliters of sodium heparin (lOOO units per milliliter) by cannulating 
the inferior vena cava through the left femoral vein with silicone rubber tubing. The 

25 abdomen of each rat was opened through a mid-line incision. The left Iddney was 
moWlized wth mininium trauma Mui ischemia was ihduc^^ 
a alicone tourniquet around the entire renal peifide. The right renal vessds were 
completely ocduded, removed and discarded. The left kidneys from animals sham 
operated by a mid-line indsion witiiout the ischenua reperftiaon protocol served as 

30 controls. 
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Example 1. Three groups of animals are represented; (1) control animals not 
subjected to ischemia; (2) animals that were treated with N-acetyl-cysteine (200 mg) 2 
hours prior to onset of ischemia; and (3) animals that were not treated with N-acetyl- 

5 cysteine bdfore the onset of ischemia. Ischemia was induced for 60 minutes. After the 
ischemia and reperfiiaon was completed the ecperimental animals and control animals 
were examined for kidney functions as determined by levels of creatinine and BUN 
(markers of kidney flinctions), and lactate dehydrogenase and lipid peroxide (markers of 
kidney tissue damage). The kidney tissues were also examined for antioxidant enzyme 

10 activity (catalase, CuZn SOD, Mn SOD and glutathione peroxidase) to measure their 
ability to detoxify ischemia/reperfiifflon-induced reactive oxygen species. A summary of 
the results obtained at 24 and 96 hours after reperRvuon is gr^hically ilhistrated in 
Figure 1. 

15 . u,.* . Example 2. 200 mg. of N-acetyl-cystane was adnunistered to a first group of 
animals at two hours and 30 minutes prior to ischemia. A second group was not treated 
with N-acetyl-cysteine prior to ischemia. Ischemia was then induced in each group for 
75 minutes. Plasma creatinine and blood urea nitrogen levels were measured in each of 
the groups of animals periodically for 10 d^s following reperfiisaon of the organ. 

20 Results of the measutmients are graphically sunrniaiized in Figure 2. The survival rate 
of the animals tested in this set of expeiimeats is summjuized in Figure 3. 

Example 3. 200 mg. of N-acetyl-cysteihe, 5 mg. of phosphoramidon, and 2 mg. 
of sodium nitroprusside were adnunistered to a first group of animals at two hours, 45 

25 minutes, and 15 nunutes, respectively, prior to ischemia. A second group was treated 
with 200 mg. of N-ac©tyl-cystdne two hours prior to ischemia. A thkd group was 
treated with 200 nig. of N-acetyl-<g|«tdne and 2 mg. of sodium nitropnissade at two 
hours and IS minutes, r^pectiydy, prior to ischemia. A fourth group of animals was 
not treated with any drugs. Kormothemua ischemia was induced in each of groups 1-4 

30 for 90 minutes. A fififa group bfanimials was not treated or exposed to isdiemia. 
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Plasma creatinine and blood urea nitrogen levels were measured in each group of 
animals periodically for 14 days foUovwng reperfiision as summarized in Figure 4. The 
survival rate of animals in this set of experiments is summarized in Figure 5. 

5 Discussion of Results 

As shown in Figure 1 , N-acetyl-cystdne when ^ven before ischemia was able to 
protect the kidney against tissue damage as evidenced by the relatively lower levels of 
creatinine and BUN and higher levels of enzyme activity of catalase CuZn SOD, Mn 

10 SOD and GPX in drug treated tissue as compared to non-treated tissue. N-acetyl- 
cystdne produced much better protection of the kidn^ as compared to untreated 
animals. The levels of creatinine were almost simflar to the controls. The activities of 
antioxidant enzymes catalase CuZn SOD, Mn SOD and GPX were amilarly protected 
better with N-acetyl-cystdne than in Mdneys from untreated animals. As shown in 

15 Figure 2, serum creatinine and urea nitrogen levels return to pre-ischenMc levels when 

treated with N-acetyl-cysteine. 

Hie survival rates can be partly attributed to the variations in urea nitrogen and 
SOTim creatinine levds that are shovm in Figure 4. As ^wn in Figure 4, N-acetyl- 

20 (grstdne, phosphoramidon and sodium nitroprus^de, when adininistered before 
ischemia, were extiemely effective Fetuming the serum creatinine and BUN levels to 
normal in a short period of time. Indeed, 14 days after the ischemic episode, the serum 
creatinine and BUN levels in the Iddneys of the treated animals were substantially 
normalized. In contrast, the seram creatinine and BUN levels of the untreated animals 

25 rose over the first few days after ischemia to unacceptable levels that eventually led to 
death of all the animals. 

The reduced tissue damage m the N-acetyl-<grstdne treated ammals re 
substantially improved suTN^val rates for aiumaU subjected to 75 mmutes of ischania, as 
30 demonstrated in Figure 3. N-acetyl-cgrstdne alone was not v«y effective, however. 
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after ischemic episodes of 90 minutes, as shown in Figure 5, with less than a 30% 
survival rate. Sodium nitroprusside, when administered in conjunction with the N- 
acetyl-cysteine» substantially improved the surwval rates of animals subjected to 90 
minutes of ischemia. WhenN-acetyl-cystdne, sodium nitroprusside and 
5 phosphoramidon were administered together, however, 100% of the animals survived. 
(Fig. 5) 

Throughout this application, various publications are referenced. The 
disclosures of these publications in their entireties are hereby incorporated by reference 
10 into this application in order to more My describe the state of the art to which this 
invention pertains. 

Although the present process has been described with reference to specific 
details of certain embodiments thereof, it is hot intended that such details should be 
1 5 regarded as limitations upon the scope of the invention exc^t as and to tiie extent that 
they are included in the accompanying daims. 
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What is claimed is: 

1. A method for miiunii2ing ischeimc insult or oxidative stress to an or^^ 
or skeletal tissue of a subject comprising contacting the organ or tissue 
with an inhibitor of iNOS induction and a nitric oxide donor, either 
sequentially, »multaneously, or separately. 

2. The method of claim 1 wherein the inhibitor of iNOS induction is N- 
acetyl-cyst^e. 

3. The metiiod of claim 1 wher^ the inhibitor of iNOS induction is a 
compound capable of activating PKA activity. 

4. The method of claim 3 wherdn the compound is lovastatin or mevastatin. 

5. The method of claim 1 wherein the nitric oxide donor is sodium 
nitropmsade. 

6. The method of claim 1 whe»^ tiie mtric oxide donor is N-nitroso-N- 
acetylpendllamine. 

7. The method of claim 1 , fiirther comprising the step of contacting the 
tissue v^th an endopeptidase inhibitor, either sequentially, 
amultaneously, or separately with the inhibitor of iNOS induction and 
nitiic ojdde donor. 

8. The method of claim 7 wherdn the endojpeptidaseiidubitor is an 
^dotheiin convoting enzyme inhn>itor. 
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9. The method of claim 8 wherein the endopeptidase inhibitor is phosphora- 
midon. 

10. The method of claim 7 wherein the inhibitor for iNOS induction is N- 
acetyl-cjrstane, the nitric ojdde donor is sodium nitroprusside, and the 
endopeptidase inhibitor is phosphoramidon. 

11. The method of claim 1 wherein, prior to an onset of ischemia, about 150 
to about 200 mg. per kg. body weight of inhibitor of iNOS induction is 
administered to the subject. 

12. The method of claim llwherdn the inhibitor of iNOS induction is N- 
acetyl-cysteine. 

13. The method of daim 1 wherdn, prior to an onset of ischemia, about 1 to 
about 2 mg./ kg. body weight nitric oxide donor is adnunistered to the 
subject. 

14. The method of daim 13 wherdn at from about three to about fifteen 
minutes prior to an onset of isdienua, about 1 to about 2 mg./kg. body 
wdght sodium nitFoprusaide is administered to the subject. 

15. The method of claim 7 wherdn, from about 30 to about 90 minutes prior 
to ischemia, about 3 to about 20 mg./kg. body weight endopeptidase 
inMbitor is administered to the subject. 

16. The method of daim 15 wh^dn the endopeptidase inhibitor is 
phosphoramidon. 
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17. The method of claim 7 wherein the organ or tissue is contacted with the 
mtric oxide donor, the inhibitor of iNOS induction and the endopeptidase 
inhibitor by at least partly immersing the organ or skeletal tissue in a 
composition comprising a nitric onde donor, an inhibitor of iNOS 
induction, and an endopeptidase inhibitor. 

18. The method of cljum 17 whwdn the nitric oxide donor is sodium 
nitroprusside, the inhibitor of iNOS induction is N-acetyl-cysteiiie, and 
the endopeptidase inhibitor is ]phosphoranudon. 

19. The method of dmm 10 wherdn the organ or tissue is contacted with the 
Nr-acetylK?ystdne, sodium nitroprussade and phosphoramidon by 
intravenous adnunistration to the subject. 

20. The method of Claim 19 wherein tiie N-acetyl-cysteine and sodium nitro- 
prusside are administered intravenously to the subject upon reperfiiaon 

of the organ or tissue. 

21. A storage solution for e3q)lantedoigans and skel«?tal tissue comprising 
fiom about 5 to about 30 mmol/lit^ of an inhibitor of iNOS induction, 
and tom about 5 to about 50 nMm>l/Iiter of an endopeptidase intdbitor. 

22. The solution of clahn 21 wherein the of inhiWtor of iNOS induction and 
the endopeptidase inWbitor are, respectively, N-acetyl-cysteine and 

phosphoranudon. 

23. A m^od for HumnuidngisdienBcinsdt or oxidative sti-ess to an oi^ 
or skdetal tissue of a sulgect compriaiig <x>nta(^ng tte organ or tisk^ 
with an inhibitor of iNOS induction and an oidopeptidase inlutntor, atha- 
sequentially, simultaneously, or separately. 
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24. The method of claim 23 wherein the inhibitor of iNOS mduction is N- 
acetyl-cysteine. 

25. The method of cldm 23 wherdn the inhibitor of iNOS induction is a 
compound capable of activating PKA activity. 

26. The method of claim 25 wherdn the compound is lovastatin or 
mevastatin. 

27. The method of claim 23 wherein the endopeptidase mhibitpr is an 
endothdin converting enzyme inMbitor. 

28. The method of claim 23 wherdn the endopeptidase inhibitor is 
phosphoramidon. 

29. The method of claim 23, further comprising the step of contacting the 
tissue with a nitric oxide donor, either sequentially, simultaneously, or 
separately with inhibito>r of iNOS induction and endopeptidase inhibitor, 

30. The method of claim 29 wherdn the nitric oade donor is sodium 
nitroprusside. 

31. The method of clium 23 wherdn the mtric oidde donor is N-nitroso-N- 
acetylpendllamine. 

32. The method of claim 23 v^erein the organ or tissue is contacted with 
the mhibitor of iNOS induction and the endop^tidase inhibitor by at 
least partly immer»ng the organ or skeletal tissue in a composition 
compriang an inlubitor of iNOS induction and an endopeptidase 
inlubitor. 
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33 . The method of claim 32 wherein the inhibitor of iNOS induction is N- 
acetyl-cysteine, lovastatin, or mevastatin, and the eitdopeptidase inhibitor 
is phosphoramidon. 

34. The method of claim 1 wherein the oxidative stress results from an 
inflammatoiy disease. 

35. The method of claim 23 wherein the oxidative stress results from 
inflammatory disease. 
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